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1. INTRODUCTION {#brb3882-sec-0005}
===============

Stroke has now become the leading cause of death and disability worldwide (Levine, [2015](#brb3882-bib-0015){ref-type="ref"}). Although great progress has been made in stroke treatment, prevention, and rehabilitation over the past decade, huge challenges remain. Intravenous (IV) recombinant tissue plasminogen activator (rt‐PA) is now a level‐1A treatment available for acute ischemic stroke (AIS) (Grotta, [2014](#brb3882-bib-0008){ref-type="ref"}). Since its approval by Food and Drug Administration (FDA) in 1996 (Adams et al., [1996](#brb3882-bib-0001){ref-type="ref"}), increasing AIS patients have benefited from the treatment. Despite its efficacy in treatment of AIS, to date, the thrombolysis rate remains extremely low. In China, only 2% of AIS patients received IV thrombolytics (Wang et al., [2011](#brb3882-bib-0023){ref-type="ref"}), which was lower than the rates in other countries (Adeoye, Hornung, Khatri, & Kleindorfer, [2011](#brb3882-bib-0002){ref-type="ref"}; Heuschmann et al., [2003](#brb3882-bib-0010){ref-type="ref"}; Sato et al., [2009](#brb3882-bib-0019){ref-type="ref"}).

A number of obstacles to the extensive use of IV thrombolysis have been identified, and patients' delayed presentation is believed to be the most important constraint (Dirks & Dippel, [2013](#brb3882-bib-0005){ref-type="ref"}; Eissa, Krass, & Bajorek, [2012](#brb3882-bib-0006){ref-type="ref"}; Yin et al., [2016](#brb3882-bib-0024){ref-type="ref"}). However, we previously found 37.9% of the investigated AIS patients presented within 4 hr after symptom onset and had enough time to receive thrombolytic therapy (Zhou et al., [2016](#brb3882-bib-0025){ref-type="ref"}). According to a report, the thrombolysis rate in China was 2% (Wang et al., [2011](#brb3882-bib-0023){ref-type="ref"}). This means that more than 90% of the aforementioned patients presenting within 4 hr after onset might not receive thrombolysis. The data suggested that in‐hospital barriers should not be ignored and need further study. As core members of a stroke team, neurologists play important roles in the decision‐making regarding the treatment (Hovsepian & Karceski, [2013](#brb3882-bib-0011){ref-type="ref"}). Those who identify with the treatment are more inclined to recommend thrombolysis to their patients, whereas those who are relatively weak in the treatment tend to be hesitant or unwilling to use the treatment (Villar‐Cordova, Morgenstern, Barnholtz, Frankowski, & Grotta, [1998](#brb3882-bib-0022){ref-type="ref"}; Wang et al., [2011](#brb3882-bib-0023){ref-type="ref"}). Therefore, identifying the perspective of neurologists toward IV thrombolysis is necessary and will help promote the application of the treatment in eligible AIS patients.

However, only few studies investigated the use of thrombolysis from the perspective of physicians. All of them were qualitative studies and conducted in developed countries, such as the United States, Canada, and several European countries (Bobrow et al., [2009](#brb3882-bib-0003){ref-type="ref"}; Brown, Barsan, Lisabeth, Gallery, & Morgenstern, [2005](#brb3882-bib-0004){ref-type="ref"}; Katzan, Sila, & Furlan, [2001](#brb3882-bib-0013){ref-type="ref"}; Leira, Pary, Davis, Grimsman, & Adams, [2007](#brb3882-bib-0014){ref-type="ref"}; Mellon, Hasan, Lee, Williams, & Hickey, [2015](#brb3882-bib-0016){ref-type="ref"}; Shamy & Jaigobin, [2013](#brb3882-bib-0021){ref-type="ref"}; Villar‐Cordova et al., [1998](#brb3882-bib-0022){ref-type="ref"}). Therefore, we conducted a cross‐sectional survey among neurologists in Hubei Province in China to understand their perspective toward IV thrombolysis for the treatment of AIS and the influencing factors.

2. METHODS {#brb3882-sec-0006}
==========

2.1. Ethics statement {#brb3882-sec-0007}
---------------------

The study was performed in accordance with the principles of the Declaration of Helsinki and was approved by the Research Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. Written informed consents were obtained from each respondent. All the information provided by participants was kept confidential.

2.2. Setting and participants {#brb3882-sec-0008}
-----------------------------

This cross‐sectional study was conducted in Hubei Province, geographically located in central China, and data were collected from 1 October 2014 to 31 January 2015. A total of 75 hospitals which have department of neurology and have the qualification to perform IV thrombolysis were initially invited to join the project, including 38 grade III hospitals and 37 grade II hospitals. Moreover, IV thrombolysis was performed 24 hours a day, 7 days a week by neurologists in these hospitals. All the neurologists from these hospitals were investigated if they had been in charge of treatment of acute stroke and had been practicing for more than one year. Neurologists not involved in the treatment and those still on training programs were excluded (Figure [1](#brb3882-fig-0001){ref-type="fig"}).

![Selection process of eligible questionnaires. This cross‐sectional study was conducted in Hubei Province, and data were collected from 1 October 2014 to 31 January 2015. A total of 75 hospitals which have department of neurology and have the qualification to perform IV thrombolysis (24/7) were initially invited to join the project. All the neurologists from these hospitals were investigated if they had been in charge of treatment of acute stroke and had been practicing for more than one year. Eventually, 66 (88.0%) hospitals agreed to participate. We surveyed 750 neurologists in the participating hospitals and 693 (92.4%) neurologists responded to our questionnaire investigation. Fifty‐seven were excluded for incomplete data. Finally, 636 eligible questionnaires were included in the data analysis](BRB3-8-e00882-g001){#brb3882-fig-0001}

2.3. Data collection {#brb3882-sec-0009}
--------------------

A standard structured questionnaire was designed on the basis of similar previous studies and by consulting specialists. The questionnaires were mailed to the subjects. All neurologists investigated were asked to finish the questionnaires on anonymous basis. The items of the questionnaire covered demographic data, experience with, knowledge of, and attitude toward the thrombolytic therapy. Demographic data included age, gender, education, job title, hospital grade, working duration in hospital. As to job title, clinicians in China fall into four major categories: resident, attending physician, associate chief physician, and chief physician, in terms of their competence levels and years of service. With respect to hospital grade, generally speaking, hospitals are rated according to their capacity and functions, and grade III hospital had better capacity than grade II hospital.

2.4. Statistical analysis {#brb3882-sec-0010}
-------------------------

Statistical analysis was performed by employing Statistical Product and Service Solutions 12.0 for Windows. For descriptive analysis, frequency and percentage were used for independent variables. Multivariate logistic regression was used to identify the factors associated with the neurologists' safety concern, confidence, and attitudes toward intravenous thrombolysis. Variables input into the model were believed to bear plausible association with the outcome and covered age, gender, education, job title, hospital grade, working duration in hospital, whether the respondent had mastered the knowledge of thrombolysis, and whether the respondent had previous experiences. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for variables were obtained. For all analysis, differences were tested using two‐tailed tests, and a *p *\<* *.05 was considered to be statistically significant.

3. RESULTS {#brb3882-sec-0011}
==========

Seventy‐five hospitals were invited to join the project initially. Eventually, 66 (88.0%) hospitals, including 34 grade III hospitals and 32 grade II hospitals, agreed to participate (Table [S1](#brb3882-sup-0001){ref-type="supplementary-material"}). These hospitals were located in 13 cities across the province, each city having at least two hospitals involved in the study.

We surveyed 750 neurologists in the participating hospitals and 693 (92.4%) neurologists responded to our questionnaire investigation. Fifty‐seven were excluded for incomplete data. These neurologists just answer some questions about the demographic variables, and their experience with, knowledge of, and attitude toward the thrombolytic therapy were not filled in. Finally, 636 eligible questionnaires were included in the data analysis. The mean age of the subjects was 35.7 ± 7.7 years and 56.1% were male. The characteristics of the participants are shown in Table [1](#brb3882-tbl-0001){ref-type="table-wrap"}.

###### 

Characteristics of responding neurologists

  Characteristic                            *n*          \%
  ----------------------------------------- ------------ ------
  Age, Mean ± SD                            35.7 ± 7.7   
  Gender                                                 
  Male                                      357          56.1
  Female                                    279          43.9
  Education                                              
  Bachelor degree or lower                  315          49.5
  Master degree                             269          42.3
  Doctorate degree                          52           8.2
  Job title                                              
  Attending physician or lower              464          73.0
  Associate chief physician                 114          17.9
  Chief physician                           58           9.1
  Hospital grade                                         
  Grade II                                  166          26.1
  Grade III                                 470          73.9
  Working duration in hospital, Mean ± SD   10.1 ± 8.1   

John Wiley & Sons, Ltd

As shown in Table [2](#brb3882-tbl-0002){ref-type="table-wrap"}, of the 636 respondents, 428 (67.3%) reported using IV thrombolysis for AIS, with a mean frequency of 10.8 times. Nearly half (51.4%; 327/636) reported deficits in their knowledge of IV thrombolysis. Up to a third (32.9%; 209/636) believed that IV thrombolysis was unsafe. Approximately 45.8% (291/636) felt unconfident about their ability to employ the treatment. The majority (90.1%; 573/636) supported hospitals in performing IV thrombolysis for eligible AIS patients, whereas 9.9% (63/636) opposed the treatment.

###### 

Neurologists' perspective concerning IV thrombolysis for the treatment of AIS

                                                                             *n*   \%
  -------------------------------------------------------------------------- ----- ------
  Did you treat AIS patients with IV thrombolysis?                                 
  No                                                                         208   32.7
  Yes                                                                        428   67.3
  Did you master the knowledge of IV thrombolysis for AIS?                         
  No                                                                         327   51.4
  Yes                                                                        309   48.6
  Do you think IV thrombolysis for AIS is safe?                                    
  No                                                                         209   32.9
  Yes                                                                        427   67.1
  Do you feel confident about your ability to employ the treatment?                
  No                                                                         291   45.8
  Yes                                                                        345   54.3
  Do you support hospitals in performing IV thrombolysis for AIS patients?         
  No                                                                         63    9.9
  Yes                                                                        573   90.1

John Wiley & Sons, Ltd

Multivariate logistic regression analysis exhibited that the neurologists who worked in a grade III hospital (OR, 2.3; 95% CI, 1.4--3.7) and those who had previously used thrombolysis (OR, 3.1; 95% CI, 2.1--4.6) were more likely to believe the treatment was safe. The neurologists who had doctorate degree (OR, 2.5; 95% CI, 1.3--4.5), those who mastered the knowledge of thrombolysis (OR, 10.4; 95% CI, 6.6--16.3), and those who had previous thrombolysis experiences (OR, 3.3; 95% CI, 2.1--5.3) were more inclined to be confident in using the treatment. The neurologists who had previously treated patients with thrombolysis were more willing to perform the treatment (OR, 4.9; 95% CI, 2.5--9.4), whereas female neurologists were more reluctant to perform the treatment (OR, 0.6; 95% CI, 0.3--1.0). (Table [3](#brb3882-tbl-0003){ref-type="table-wrap"})

###### 

Multivariate logistic regression analysis: Factors influencing neurologists' perspective toward treating AIS patients with thrombolysis

  Characteristic                                                Safety concern                                                   Confidence                                                         Attitudes
  ------------------------------------------------------------- ---------------------------------------------------------------- ------------------------------------------------------------------ ----------------------------------------------------------------
  Age, year (Ref[\*](#brb3882-note-0001){ref-type="fn"}:\<35)                                                                                                                                       
  35--50                                                        1.1 (0.6--1.9)                                                   1.4 (0.9--2.4)                                                     0.9 (0.4--2.4)
  \>50                                                          1.0 (0.3--3.3)                                                   3.8 (0.9--17.4)                                                    0.7 (0.1--3.3)
  Gender (Ref: Male)                                                                                                                                                                                
  Female                                                        0.8 (0.6--1.2)                                                   0.7 (0.4--1.1)                                                     **0.6 (0.3--1.0)** [\*](#brb3882-note-0001){ref-type="fn"}
  Education (Ref: Bachelor degree or lower)                                                                                                                                                         
  Master degree                                                 1.5 (0.9--2.4)                                                   1.6 (1.0--2.8)                                                     1.6 (0.8--3.4)
  Doctorate degree                                              1.8 (0.8--4.3)                                                   **2.5 (1.3--4.5)** [\*](#brb3882-note-0001){ref-type="fn"}         2.0 (0.4--9.3)
  Job title (Ref: Attending physician or lower)                                                                                                                                                     
  Associate chief physician                                     1.6 (0.8--3.1)                                                   1.8 (0.8--3.8)                                                     1.0 (0.4--2.8)
  Chief physician                                               1.0 (0.4--2.7)                                                   1.8 (0.5--6.3)                                                     0.4 (0.1--1.5)
  Hospital grade (Ref: Grade II)                                                                                                                                                                    
  Grade III                                                     **2.3 (1.4--3.7)** [\*\*](#brb3882-note-0001){ref-type="fn"}     1.0 (0.5--1.7)                                                     1.3 (0.7--2.8)
  Working duration in hospital, year (Ref:\<10)                                                                                                                                                     
  10--25                                                        0.9 (0.5--1.6)                                                   1.6 (0.9--3.1)                                                     1.0 (0.4--2.6)
  \>25                                                          1.2 (0.4--3.0)                                                   2.2 (0.7--6.5)                                                     1.0 (0.2--4.1)
  Knowledge mastery (Ref: No)                                                                                                                                                                       
  Yes                                                           1.5 (1.0--2.2)                                                   **10.4 (6.6--16.3)** [\*\*\*](#brb3882-note-0001){ref-type="fn"}   1.4 (0.7--2.7)
  Previous thrombolysis experience (Ref: No)                                                                                                                                                        
  Yes                                                           **3.1 (2.1--4.6)** [\*\*\*](#brb3882-note-0001){ref-type="fn"}   **3.3 (2.1--5.3)** [\*\*\*](#brb3882-note-0001){ref-type="fn"}     **4.9 (2.5--9.4)** [\*\*\*](#brb3882-note-0001){ref-type="fn"}

Ref\* is reference. \**p *\<* *.05; \*\**p *\<* *.01; \*\*\**p *\<* *.001. Bold values mean data is significant.
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4. DISCUSSION {#brb3882-sec-0012}
=============

In this study, for the first time, we assessed perspective of neurologists regarding IV thrombolysis for the treatment of AIS in Hubei Province, China, and found that 90.1% of responding neurologists in this study supported hospitals in performing IV thrombolysis for eligible AIS patients. The ratio was substantially higher than those of other similar studies. For instance, Villar‐Cordova et al. ([1998](#brb3882-bib-0022){ref-type="ref"}) found that 60% of the American neurologists who had not treated patients with rt‐PA would do it if a suitable candidate presented. Another study conducted in the USA indicated that only 31.5% of non‐neurologist physicians in the survey were willing to give rt‐PA to an eligible AIS patient (Leira et al., [2007](#brb3882-bib-0014){ref-type="ref"}). It was also reported that 60% of American emergency physicians were likely to use rt‐PA (Brown et al., [2005](#brb3882-bib-0004){ref-type="ref"}). This increased acceptance might be ascribed to the fact that those studies were conducted much earlier. In recent years, with mounting evidence supporting the validity of thrombolytic therapy, the attitude of physicians toward the treatment is changing (Fugate & Rabinstein, [2014](#brb3882-bib-0007){ref-type="ref"}; Hacke et al., [2008](#brb3882-bib-0009){ref-type="ref"}; Jauch et al., [2013](#brb3882-bib-0012){ref-type="ref"}; Prabhakaran, Ruff, & Bernstein, [2015](#brb3882-bib-0018){ref-type="ref"}). In spite of the willingness to use the method, nearly half of the responding neurologists reported deficits in their knowledge and felt unconfident about their ability to employ the treatment. Up to a third of them believed that IV thrombolysis was unsafe and only 65.6% reported using IV thrombolysis for AIS.

Full mastery of the knowledge on thrombolysis is essential to the application of thrombolysis. Previous studies found that physicians working in teaching hospitals were reported to be more comfortable with use of thrombolysis compared to those practicing in nonteaching hospitals as physicians in teaching hospitals were more exposed to or kept in breast with new developments in thrombolysis in AIS (Moradiya, Crystal, Valsamis, & Levine, [2013](#brb3882-bib-0017){ref-type="ref"}; Schumacher et al., [2007](#brb3882-bib-0020){ref-type="ref"}). In this study, we also showed increased confidence of neurologists who mastered the knowledge of thrombolytic therapy. Hence, in view of substantial lack in the knowledge about thrombolysis, we believe it is necessary to strengthen training in this regard among neurologists.

An important finding of this study was that thrombolysis experiences of neurologists were independently associated with their perspective regarding the treatment. We found the respondents who had previously used IV thrombolysis were more likely to believe the treatment was safe, felt confident about their ability, and were willing to perform the treatment. Consistent with our results, findings by Brown et al. ([2005](#brb3882-bib-0004){ref-type="ref"}) also suggested that physicians with previous thrombolysis experiences preferred to treat AIS patients with rt‐PA. We believe previous experiences might help them build up skills and became more experienced with the treatment, including selecting right patients and preventing thrombolysis‐related complications. The findings suggested that, in the training, effort should be devoted more to practical skills than to theoretical knowledge and only improvement in treatment skills increases the confidence of neurologists in thrombolytic therapy.

In this study, we first explored the neurologists' perspective toward IV thrombolysis for the treatment of AIS in China. The results of this survey suggest that most neurologists in Hubei Province, China, identified with the IV thrombolysis for the treatment of AIS. However, they were weak in knowledge and lacked confidence in using the treatment. Therefore, stepping‐up training and attaching importance to improvement in practical skills are important for the wide application of thrombolysis in the region.

A few limitations of the current study need to be stated. First, neurologists' knowledge of the thrombolytic therapy was subjective self‐evaluation rather than objective measuring based on questions about knowledge of the thrombolytic therapy, which may overestimate the percentage of neurologists with knowledge about thrombolytic therapy. Second, our sample was confined to the neurologists in a central province of China, the generalizability of the finding to neurologists in other districts of China is unclear.
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